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Classification
Physics Abstracts 7.730 Starting from conservation laws and from the structure of the order parameter Graham [1] ] and Seiden [2] have derived hydrodynamic equations of the anisotropic A phase. They describe the orbital part of the order parameter of the A phase by the superposition of a superfluid phase ~ canonically conjugated with the particle number and an axial unit vector I (in the direction of the net orbital momentum of the triplet pairs). More exactly the orbital part of the order parameter ( Fig. 1) is defined by two orthonormal unitvectors (or bivector) [3] . A' and e" with :
The phase cp gives the orientation of Â' in the plane perpendicular to 1, if we take some origin axis x in this plane. Mermin and Ho [4] have pointed out that because the angle cp is not uniquely well defined we must be very careful in the minimization of the free energy of the superfluid liquid. In this paper we explain first why the linear hydrodynamics of Graham and Seiden are not convenient to describe large angle rotations of 1 and secondly, we derive strictly equivalent linear hydrodynamic equations of the A phase which describe more easily on macroscopic scale large angle rotations. ' We shall (as did Graham) consider linear hydrodynamics only. In his note 11 Graham [1] [4, 8] .
Graham in the Gibbs relation (6) [8] have shown that the structure of defects of the true A phase has nothing to do with the defects of this hypothetical phase. It is surprising that the same linear equations of reference [1] can describe two quite different superfluid phases simply by forgetting or adding to them the compatibility equations of references [4] and [8] .
We show here that by adding adequate second order terms to the equations of reference [1] we can find linear equations in the derivatives of the order parameter which can be integrated as they stand without compatibility equations, because we simply use the true order parameter. We emphasize again that our equations are identical to that of reference [1] to first order. The practical difference is that the compatibility equations are included inside these linear equations, simplifying the calculations.
The basic physical principles which have been used at first for nematic liquid crystals [5] and for isotropic superfluid [6, 7] are the same as that used by Graham in reference [1] .
We simply take the correct definition of the order parameter that is we consider as a complex director
The formulae (1) are equivalent to the two conditions :
They are equivalent to the condition n2 = 1 in nematic liquid crystal [5] . On Following Graham [1] we take the three fundamental conservation laws of mass density p, momentum density g (or current) and energy density E and their appropriate currents :
We seek the most general equation of evolution of A with time compatible with the conservation law (9) and relations (6), (7) , (8 [3] , and calculated microscopically by Cross [9] . For an explicit expression of Go we take all 9 independent components of Vj A Vj A (taking into account the relations (6) ) and keep the quadratic terms in the gradients Vj Ji which are invariant with respect to an overall spatially uniform phase change of A. There are seven terms [4] There are many different forms for eo [3] . We remark that by partial integrations, i.e. on adopting a different choice of bulk and surface energy, we can change so in a non-trivial manner. Liu [10] has taken Eo as invariant with respect to partial integrations; however, because he uses the ambiguous phase cp, we must take care. Partial integrations are not as simple as it appears with the notation Vcp [4] , and in calculating the local current density [9] , the exact expression of eo is very important.
The gauge invariance gives a very useful relation by writing that eo does not change in a spatially uniform phase change of A (for example) i.e. a uniform (12) 1 t/J I can also be derived from the expression of together with relation (11 We remark that Â' is even and A" odd under time reversal.
In accordance with Graham, we insert equations (9) into equations (10), and we remark that unlike the derivative properties of the phase p used by Graham [3] vector which appears in relation (8) where b1 to b4 are real numbers.
Physically, as in nematics, and as remarked by Liu [10] we add the hypothesis that in a rotating vessel, where V" = (0 A r and (o = 2 rot V", the superfluid is in equilibrium with the rotating normal fluid (except for surface effects). As in liquid crystal it can be closely related [13] to the conservation of total angular momentum and to the conservation of the elastic energy eo with respect to rotation of both r and A(r) [5, 11] . In this case, collecting the preceding results we obtain for the reversible evolution :
This equation, locally identical to the relation (7) [12] observed in the A phase.
Finally we have proposed hydrodynamic equations for the orbital part of the A phase without using the phase qJ, which is not defined. We describe the A phase by the true complex order parameter A which is similar both to the director n of a nematic liquid crystal and to the order parameter ~ of a superfluid. These equations can be the starting point for phenomenological equations of textures in the A phase, (except core structures) taking into account the irreversible effects such as normal flow or temperature gradients. The equations being more complex than in nematics, we can expect that the instabilities in a normal fluid shear flow are different. As found first by Toulouse and Kleman [14] the topological structure of defects of the true A phase is completely different from a hypothetical anisotropic phase where qJ would be well defined. In order to simplify as much as possible the calculations for the hydrodynamics and free energy minimization, it seems necessary to avoid any reference to a phase T and thus it is better to use the true order parameter as done in this paper.
